is presented on the behaviour of the thermal conductivity (K) of Gd near the Curie point. The results are analysed in terms of electronic, lattice and bipolar conduction. Previous information on the electrical resistivity (p) and the temperature derivative dp/dT is also used to understand the temperature dependence of K. Detailed reference is made on the experimental method used.
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1. Introduction. -Previous work on the thermal conductivity (K) of polycrystalline Gd failed to reveal any anomaly at the Curie temperature 7c [1, 2] . However, well below Tc some anomalous behaviour was found, but the experimental results were inconsistent. Whereas in ref. [1] a minimum is observed in K around 230 K and a sharp increase occurs in dK/dT near 270 K in ref. [2] both features appear practically together, at around 270 K. For monocrystalline samples, the c-axis thermal conductivity exhibits a minimum near 270 K, but no anomaly was found at the Curie temperature [3] . For the a-direction, a change in the slope of the thermal conductivity (dK/dT; from negative to positive values) was observed, but at a temperature (T*) slightly above the Curie point, T* = T, + 1 K [3] .
In spite of such results, the anomaly in the electrical resistivity (p) occurs consistently at the same temperature (Tc), both for poly-and monocrystalline samples. Therefore, K-anomalies observed well below Tc are probably associated with secondary effects, not directly linked to the ferro-paramagnetic transition in Gd. From this previous work [1] [2] [3] we can simply conclude that the K-anomaly near the Curie point is very weak, and so far detected only along the aaxis, where it is linked to a slight increase in the slope dKIdT as the sample enters the paramagnetic state. The apparent discrepancy T* =1= Tc remains an unexplained feature.
In view of this state of affairs, we started a detailed study of the thermal conductivity of Gd near the Curie point. The recent improvement of an experimental method to detect minute changes in K near a transition point [4, 5] In order to check the reproducibility, we intentionally produced transient perturbations of the temperature of the oil-bath. As shown in figure 1 , the emf. 8 [4] , and a more extended version will be given in due course [6] . 3 . Thermal conductivity of Gd ( T = yj. - 50 points in a temperature range where K changes only by 0.7 %. The Curie temperature, as determined from accurate dp/dT measurements (Fig. 3) figure 3 : the sharp peak in dp/dT at Tc = 292.92 K indeed coincides with the minimum in (K -Klin).
A relevant result from our investigation is that it appears not legitimate to identify the Curie point with the intersept of the linear extrapolations of K from the ferro-and paramagnetic phases ; in our case one would get T* = Tc + 0.9 K. This may explain why T* = T, + 1 K in previous results for gadolinium [3] , where the scarcity of data-points naturally prevented the subtle but relevant deviations from linearity near Tc to be experimentally observed.
In [7] and at high temperatures (T &#x3E; 0 z 150 K; see ref. [3] An interesting effect which increases with T has been invoked for rare earth metals, due to the bipolar electronic contribution (Kb) to the thermal conductivity [8, 9] . In principle this appears when several electronic bands overlap near the Fermi level (e.g. 5d and 6s bands in Gd). The idea is that whereas for conduction in one band only, the boundary condition imposed in K-measurements (zero electrical current) permits no net particle flux, when carriers of both signs are present, equal particle currents in the two bands are allowed. There is still no net transfer of charge (electron-hole) but the pairs do carry an energy equal to the sum of the two transport energies relative to the Fermi level [8] , and this increases with the thermal excitation KT. Of course, the Kb contribution is expected to be small at low temperatures.
We can now write for the total thermal conductivity :
In doing so, we are ignoring possible contributions from magnons, an assumption which seems justified for temperatures rather close and above T, [10, 11] . LT/p; dp/dT positive, see Fig. 3 ). Therefore it cannot produce by itself a minimum in the difference K -Ke ; we believe that the slight and localized depression of K near T, has a true physical origin.
A similar depression in K has been observed in the ferromagnetic compound TbZn [15] , and in Fe near T, [16] ; it also appears to be present in Ni [17] . Since these metals have an appreciable electrical resistivity, the role of phonons is here enhanced. Near T, the large spatial inhomogeneities due to critical fluctuations should affect, in principle, the propagation of the long wavelength phonons. A depression in the phonon conductivity is in fact predicted near the Curie point [18] [19] [20] . As explicitly shown by Papoular [20] , such effects become only relevant in the immediate vicinity of Tc, an observation which links well with the localized character of the depression experimentally observed in K.
The reason why the K-depression appears rather small in the metals referred above probably derives from the fact long wavelength phonons give a relatively small contribution to the energy transport (then K) at high temperatures, and also because the coupling between lattice (phonons) and spins is usually rather weak in metals. For insulating materials however, a severe reduction in the phonon propagation is readily observed near magnetic phase transitions [21, 25] , particularly in the case of low Tc materials where long wavelength phonon heat transport dominates [23] [24] [25] . 4 .4 K-ANOMALIES BELOW Tc. -On the light of the considerations presented above, it would be appropriate to comment on the puzzling differences observed in the behaviour of K for Gd at temperatures well below Tc [1] [2] [3] .
In particular one would like to understand why the c-axis dK/d T derivative changes sign at -270 K whereas along the a-axis such change occurs slightly above Tc ; in both cases, the ferromagnetic transition as given by dp/dT -data precisely occurs at the same temperature, Tc = 293 K.
We can understand these features in terms of the peculiar behaviour of dKe/dT, with Ke given by the Wiedemann-Franz law (see ref. [26] ) :
According to our recent c-axis resistivity measurements on single crystals of Gd (Fig. 4) ; (see also ref. [27] ), at T = 200 K we have so that negative values are expected for dKe/dT, in agreement with K-data [1, 3] . However, for T = 220K the p-derivative shows a dramatic decrease which is particularly enhanced around 270 K, where According to (6) this favours the onset of positive (dKIdT), at temperatures considerably lower than T,.
Along the a-axis, (1/p).(dp/dT)a exhibits appreciable values up to the Curie point, so that dK/dT keeps the negative sign. However, just above Tc, dp/dT has a sharp break and rapidly reaches a sufficiently low value to produce a reversal in the sign of dK/dT. Such an interpretation is, again, consistent with the experimental facts. Fig. 4 . -Temperature dependence of dp/dT in monocrystalline Gd samples, along a-and c-directions. The anomaly at T = 225 K corresponds to the spin reorientation transition in Gd.
The case of polycrystals is more complex, depend-. ing on the particular sample investigated. However, one can safely claim that (1/p) (dp/dT) in polycrystalline samples [28] should be depressed with regard to the corresponding a-axis value, due to the sharp reduction in (1/p) (dpldT)c which occurs at temperatures still well below Tc. Therefore, the inversion in the sign of dK/dT is likely to occur definitely below Tc, as has been observed in all polycrystalline Gd samples so far investigated [1] [2] .
